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OBJECTIVE — Understandingthereasonsandeliminatingthepervasivehealthdisparitiesin
diabetes is a major research, clinical, and health policy goal. We examined whether health
literacy, general numeracy, and diabetes-related numeracy explain the association between
African American race and poor glycemic control (A1C) in patients with diabetes.
RESEARCH DESIGN AND METHODS — Adults with type 2 diabetes (n  383) were
enrolled in a cross-sectional study at primary care and diabetes clinics at three medical centers.
Data collected included the following: self-reported race, health literacy, general numeracy,
diabetes-related numeracy, A1C, and sociodemographic factors. A series of structural equation
models were estimated to explore the interrelations between variables and test for mediation.
RESULTS — In model 1, younger age (r  0.21, P  0.001), insulin use (r  0.27, P 
0.001), greater years with diabetes (r  0.16, P  0.01), and African American race (r  0.12,
P  0.01) were all associated with poorer glycemic control. In model 2, diabetes-related nu-
meracy emerged as a strong predictor of A1C (r  0.46, P  0.001), reducing the association
between African American and poor glycemic control to nonsigniﬁcance (r  0.10, NS). In
model 3, African American race and older age were associated with lower diabetes-related
numeracy; younger age, insulin use, more years with diabetes, and lower diabetes-related nu-
meracy were associated with poor glycemic control.
CONCLUSIONS — Diabetes-related numeracy reduced the explanatory power of African
American race, such that low diabetes-related numeracy, not African American race, was signif-
icantly related to poor glycemic control. Interventions that address numeracy could help to
reduce racial disparities in diabetes.
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L
imitedliteracyinadultsmaycontrib-
ute to racial disparities in health
(1,2). According to the Institute of
Medicine, 90 million people in the U.S.
lack the literacy proﬁciency needed to ef-
fectively understand and act on health in-
formation (3). This has often been
referred to as health literacy: a reﬂection
of the complex interface between a pa-
tient’s ability and the literacy prerequi-
sites of participating in one’s health and
interacting with the health care system
(3). Low health literacy is common
among patients with diabetes. Patients
withlowerhealthliteracyhavegreaterdif-
ﬁculty understanding their disease (4),
worse glycemic control (5,6), and worse
clinical outcomes (7) than patients with
adequate health literacy. Individuals at
highestriskforlowhealthliteracyinclude
individuals who are elderly, publicly in-
sured or uninsured, lack English proﬁ-
ciency, and/or are members from a racial
or ethnic minority group (8).
Numeracy is an important compo-
nent of literacy and has been deﬁned as
“the ability to understand and use num-
bersindailylife”(9).Inanationalsurvey,
61% of adults in the U.S. could not
perform the most rudimentary of quan-
titative skills, and another 26% of re-
spondents had only basic skills (10). A
few recent studies have found numeracy
to be important in health (11); and while
healthliteracyandnumeracymayberelated
(10),wehavefoundmanypatientswithad-
equate health literacy skills who lack basic
numeracy skills (9). Thus, the impact of lit-
eracy and/or numeracy on patient health
outcomes may vary according to the requi-
site skills needed for self-management in a
given disease context (12–14).
In diabetes, both limited health liter-
acy and numeracy, and African American
racehavebeenassociatedwithpoorergly-
cemic control (6,15). Furthermore, the
prevalence of low health literacy and nu-
meracy has been signiﬁcantly higher
amongAfricanAmericanindividualswith
diabetes than whites (14,15). Recent
studies in other diseases suggest that
health literacy is a more powerful predic-
tor of health outcomes than race (1,2).
However, the role of numeracy as a deter-
minant of racial differences in health out-
comes, and whether numeracy is more
likely than health literacy to explain these
differences, is unknown. The objective of
this study was to examine the mediating
effect of health literacy and numeracy
(general and diabetes-related) on the re-
lationshipbetweenAfricanAmericanrace
and glycemic control.
RESEARCH DESIGN AND
METHODS
Setting and study participants
From March 2004 until November 2005,
study participants were enrolled in a
cross-sectional study from two primary
care clinics and two diabetes specialty
clinics located at three medical centers.
Inclusion criteria included a diagnosis of
type 1 or type 2 diabetes, age 18–85
years, and English-speaking. Exclusion
criteria included a previous diagnosis of
dementia, psychosis, or blindness. In ad-
dition, patients with a corrected visual
acuity of 20/50 or worse using a Rosen-
baum Screener (Prestige Medical,
Northridge, CA) were excluded. Partici-
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Veterans Affairs Tennessee Valley Health-
care System Research & Development
Committee and Institutional Review
Boards at Vanderbilt University Medical
Center and the University of North Caro-
lina at Chapel Hill approved this study.
Written consent was obtained from all
participants.
Data and procedure
Trainedresearchassistantsreceivedrefer-
rals of potential patients from clinic
health providers and then engaged in an
informed consent process and conducted
a structured interview with enrolled pa-
tients. Information gathered included de-
mographic information, literacy, general
numeracy, diabetes-related numeracy,
and glycemic control. Demographic and
clinical self-reported information in-
cluded patient age, sex, education level,
annual income, race/ethnicity, the use of
insulin, diabetes type, and years of diag-
nosed diabetes.
Measures
Literacy. Literacywasassessedusingthe
Rapid Estimate of Adult Literacy in Med-
icine (REALM), a validated measure of
reading ability that correlates with read-
ing comprehension (16). If the patient
scored less than a sixth-grade reading
level by the REALM, then the remainder
of the instruments were administered
orally to ensure that the content of the
survey questions were understood by the
patient.Allsubjectsweregiventheoption
of oral administration if desired.
General numeracy. General numeracy
skills were measured with the math sec-
tionoftheWideRangeAchievementTest,
3rdEdition(WRAT-3),avalidatedinstru-
mentthatevaluatescalculationskills(17).
Diabetes-related numeracy. Diabetes-
related numeracy skills were measured
with the recently validated Diabetes Nu-
meracy Test (DNT) (13). In contrast to
the WRAT-3, which primarily measures
calculationskills,theDNTiscomposedof
word problems assessing calculation, in-
terpretation of tables, graphs or ﬁgures,
and the application of necessary nu-
meracy skills to solve problems and per-
form self-management tasks speciﬁc to
diabetes care.
Glycemic control. Glycemic control
was assessed by the most recent A1C
valueinthepatient’smedicalrecord;96%
were obtained within 6 months of the
subject evaluation and the median time
between A1C and evaluation was 15 days
(range 0–323).
Analyses
Structural equation models (SEM), speci-
fying the relationships between variables,
were estimated using AMOS, version 17.
Advantages of this procedure include the
generality and ﬂexibility of model speciﬁ-
cation and the ability to assess ﬁt of the
hypothesizedmodeltotheobserveddata.
Model ﬁt using maximum likelihood
estimation can be evaluated through use
of the 
2 goodness-of-ﬁt statistic. If 
2 is
large relative to the degrees of freedom,
this represents a poor ﬁt of the estimated
model to the data. Conversely, when 
2 is
small relative to the degrees of freedom,
this represents adequacy of model ﬁt. Be-
cause sample size may unpredictably in-
ﬂuence the evaluation of the ﬁt of the
modeltotheobserveddata,supplemental
indicators of model ﬁt, such as the com-
parative ﬁt index (CFI) and root mean
square error of approximation (RMSEA),
were also applied (18). CFI values that
exceed 0.90 and RMSEA values below
0.08 indicate acceptable model ﬁt (18).
The CFI and the RMSEA are both sensitive
to model misspeciﬁcation and are mini-
mallyaffectedbysamplesize(18).Hypoth-
eses regarding the speciﬁc structural
relationsoftheconstructsinthemodelwere
also evaluated through inspection of the di-
rection and magnitude of the path
coefﬁcients.
Three structural equation models
were estimated with a correlation matrix
generated by 383 cases—a sample size
consideredtobeofadequatepowertode-
tectlargeeffects(19).Therewerenomiss-
ing data. Model 1 tested whether African
American race predicted higher A1C lev-
els after controlling for age, sex, years of
education, annual income, insulin use (yes
or no), diabetes type, and years of diag-
nosed diabetes. Model 2 tested whether Af-
rican American race predicted low literacy
skills, low general numeracy skills, and low
diabetes-related numeracy skills, and
whether these variables, in turn, predicted
A1C levels. Finally, an adjustment for other
predictors was accounted for in model 3,
whichtestedallpredictedpathwaystoA1C.
RESULTS
Participant characteristics
From March 2004 to November 2005,
615 patients were referred for possible
enrollment. Of these, 191 refused partic-
ipationand18wereexcludedduetopoor
vision (n  7), age (n  4), non–English
speaking (n  2), or other exclusion cri-
teria (n  5). Of the 406 patients who
were consented, 398 (98%) completed
thestudy.Onlypatientswhoreportedbe-
ing African American or white were in-
cluded in the current analysis (n  383).
Characteristics of these patients are pre-
sented in Table 1. The associations be-
tween patient characteristics were
analyzedusingtheCuzicknonparametric
test for trend across the four diabetes nu-
meracy test score quartiles using Stata 9.0
(20). The median age for the entire sam-
ple was 56 years, 50% were male, and
65% were white. Fifty-six percent of the
patients reported having greater than a
high school level education, 31% had less
than a ninth-grade reading level (on
REALM), and 69% had less than a ninth-
grade level of general numeracy skills (on
WRAT-3R). The median (interquartile
range) diabetes numeracy test score was
65% (42–81%). The majority of the pa-
tients (62%) were on insulin, and the me-
dian A1C was 7.2% (6.5–8.3%).
Test of structural models
Model 1 included eight predictor vari-
ables: age, sex (male or female), years of
education,annualincome,insulinuse(no
or yes), diabetes type, years of diagnosed
diabetes, and race (white or African
American); and one outcome variable:
A1C.Examinationofthepathcoefﬁcients
in this just identiﬁed model suggested
thatyoungerage(r0.21,P0.001),
using insulin (r  0.27, P  0.001), hav-
ing been diagnosed with diabetes for
more years (r  0.16, P  0.01), and
African American race (r  0.12, P 
0.01) were associated with higher A1C
levels and accounted for 17% of the vari-
ability in A1C levels.
Signiﬁcant predictors of A1C identi-
ﬁed in model 1 were retained in model 2
(Fig.1),andnonsigniﬁcantvariableswere
omitted. Literacy (REALM scores), gen-
eral numeracy (WRAT-3 scores), and di-
abetes-related numeracy (DNT scores)
wereincludedinmodel2aspotentialme-
diators (i.e., explanatory factors) in the
predicted pathway from African Ameri-
can race to A1C. Examination of the path
coefﬁcients suggested that African Amer-
ican race was associated with limited lit-
eracy skills (r  0.39, P  0.001),
limited general numeracy skills (r 
0.43, P  0.001), and limited diabetes-
related numeracy skills (r  0.46, P 
0.001). Of these skills, only diabetes-
related numeracy signiﬁcantly predicted
Osborn and Associates
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meracy was associated with lower A1C
levels(r0.15,P0.01)andreduced
theeffectofAfricanAmericanracetonon-
signiﬁcance (r  0.10, NS), thereby ac-
counting for the association between
African American race and A1C levels. As
shown in Fig. 1, the estimated model
demonstrated poor ﬁt of the data [
2 (12,
n  383)  485.47, P  0.001, CFI 
0.464, RMSEA  0.32 (90% CI 0.30–
0.35)] likely due to a net effect of con-
structs in the model (i.e., too many paths
being estimated relative to the sample
size), not because of the structural rela-
tions speciﬁed.
Signiﬁcant predictors of A1C in
model 1 and 2 were retained in model 3,
including the signiﬁcant path from Afri-
can American race to diabetes-related nu-
meracy,anddiabetes-relatednumeracyto
A1C (i.e., the direct path from African
American race to A1C was omitted along
with omitting literacy and general nu-
meracy from the model). In model 3 (Fig.
2), the relationships between age and di-
abetesnumeracy,insulinuseanddiabetes
numeracy, and years of diagnosed diabe-
tes and diabetes numeracy were added
and evaluated. Examination of the path
coefﬁcients suggested that, in addition to
African American race (r  0.47, P 
0.001), older age was associated with
lower diabetes-related numeracy (r 
0.35, P  0.001). Insulin use and years
of diagnosed diabetes were unrelated to
diabetes-related numeracy. As indicated
in Fig. 2, the estimated model demon-
strated good ﬁt of the data: 
2 (1, n 
383)  3.02, P  0.08, CFI  0.99,
RMSEA  0.07 (90% CI 0.00–0.17).
Signiﬁcant predictors of A1C and di-
abetes-related numeracy in previous
models were retained in a trimmed ver-
sion of model 3 (i.e., excluding all non-
signiﬁcant paths). In the trimmed model,
African American race and older age were
associated with lower diabetes-related
numeracy, accounting for 32% of the
variabilityindiabetesnumeracy.Younger
age(r0.24,P0.001),usinginsulin
(r  0.23, P  0.001), having been diag-
nosed with diabetes for more years (r 
0.15, P  0.01), and having more diabe-
tes-related numeracy (r  0.47, P 
0.001) were associated with higher A1C
levels, accounting for 17% of the variabil-
ity in A1C. As indicated in Fig. 3, the es-
timated model demonstrated good ﬁt of
the data, 
2 (3, n  383)  6.91, P 
0.07, CFI  0.99, RMSEA  0.06 (90%
CI 0.00–0.12). A 
2 difference test was
performed to compare whether the
trimmed version of model 3 was signiﬁ-
cantly different from the full model 3, 
2
difference (2, n  383)  3.89 (NS).
After dropping the paths from insulin use
to diabetes-related numeracy skills, and
years of diagnosed diabetes to diabetes-
related numeracy in the trimmed model
3, the 
2 difference indicated that com-
pared with the more complex model
(full model 3), the more parsimonious
model (trimmed model 3) should be
retained.
CONCLUSIONS — Understanding
the reasons and eliminating the pervasive
health disparities across race and ethnic-
ityisamajorresearch,clinical,andhealth
policy goal (21). Consistent with prior
work (22), we found that African Ameri-
can race predicted poor glycemic control.
Uniquely, we found that diabetes-related
numeracyreducedtheexplanatorypower
of African American race, such that
diabetes-related numeracy, not African
Table 1—Characteristics of study population and by DNT score quartile
All subjects
DNT
Quartile 1 Quartile 2 Quartile 3 Quartile 4 P*
Quartile range 0–42% 43–65% 66–82% 66–82%
n 383 104 97 98 84
Age (years) 56 (47–64) 61 (51–67) 57 (49–66) 56 (47–62) 50 (41–56) 0.001
Female 193 (50) 63 (60) 43 (44) 49 (50) 38 (45) 0.07
Race
White 249 (65) 32 (31) 65 (67) 77 (79) 75 (89) 0.001
Nonwhite 134 (35) 72 (69) 32 (33) 21 (21) 9 (11)
Income (n  375)
20,000 USD 166 (44) 80 (80) 47 (49) 23 (23) 16 (20) 0.001
20,000 USD 209 (56) 20 (20) 48 (51) 75 (77) 66 (80)
Education (n  377)
Less than high school or GED 163 (43) 74 (73) 47 (49) 29 (30) 13 (15) 0.001
High school or GED or more 214 (57) 27 (27) 49 (51) 67 (70) 71 (85)
Private insurance (% yes) 185 (48) 32 (31) 39 (40) 58 (59) 56 (67) 0.001
Literacy status, REALM
Less than ninth grade 120 (31) 71 (68) 30 (31) 15 (15) 4 (5) 0.001
Ninth grade or higher 263 (69) 33 (32) 67 (69) 83 (85) 80 (95)
Numeracy, WRAT-3
Less than ninth grade 266 (69) 103 (99) 84 (87) 52 (53) 27 (32) 0.001
Ninth grade or higher 117 (31) 1 (1) 13 (13) 46 (47) 57 (68)
Diabetes: type 2 (% yes) 327 (85) 100 (96) 90 (93) 86 (88) 51 (61) 0.001
Years of diabetes 9 (3.5–17) 8 (3–15) 9 (4–16) 10 (4–19) 9 (5–17) 0.48
Insulin use (% yes) 236 (62) 65 (63) 57 (59) 51 (52) 63 (75) 0.25
BMI (kg/m
2) 32 (28–38) 33 (28–39) 33 (29–38) 31 (28–37) 32 (26–38) 0.20
A1C (%) 7.2 (6.5–8.3) 7.6 (6.5–9.0) 7.2 (6.3–8.3) 7.2 (6.5–8.0) 7.2 (6.4–8.2) 0.24
Data are medians (interquartile range) or n (%) unless otherwise stated. *Test for trend (nonparametric) comparing across DNT quartiles.
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glycemic control. To our knowledge, our
study is the ﬁrst to examine health liter-
acy, general numeracy, and diabetes nu-
meracy as mediators of the relationship
between African American race and poor
glycemic control.
The relationship between African
American race and glycemic control is
likely due to a complex interaction be-
tween many patient, provider, and
system-level factors (23). Recently, it has
been suggested that physician-level fac-
torsmayexplaintherelationshipbetween
race and glycemic control (23). The same
Figure1—Model2:initialmodel(model1)addinginliteracyandnumeracyaspotentialmediators.Coefﬁcientsarestandardizedpathcoefﬁcients.
Overall model ﬁt, 
2 (12, n  383)  485.47, P  0.001, CFI  0.464, RMSEA  0.32 (90% CI 0.30–0.35). For tests of signiﬁcance of individual
paths: **P  0.01, and ***P  0.001.
Figure 2—Model 3: signiﬁcant predictors from model 2 adding in age, years of diagnosed diabetes, and insulin use as potential predictors of
numeracy. Coefﬁcients are standardized path coefﬁcients. Overall model ﬁt, 
2 (1, n  383)  3.02, P  0.08, CFI  0.99, RMSEA  0.07 (90%
CI 0.00–0.17). For tests of signiﬁcance of individual paths: **P  0.01, and ***P  0.001.
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of racial differences in glycemic control
may be due to patient sociodemographic
factors (23), but this analysis did not in-
clude a measure of education. Given the
often-recommendedandrequiredpatient
self-adjustment of diabetes therapy,
which relies heavily on numeracy skills,
we believe diabetes numeracy is an im-
portant patient-level factor to consider
when exploring disparities in diabetes.
According to our study ﬁndings, diabetes
numeracy indeed may be a signiﬁcant
contributor to mediating the relationship
between race disparities and glycemic
control.
Theﬁndingsofthisstudyalsosuggest
that patients who are older or African
American are at particularly higher risk of
lower diabetes numeracy skills, and, in
turn, worse glycemic control. Lower nu-
meracycouldbe,inpart,dueto1)oppor-
tunity factors (e.g., coursework), 2)
propensity factors (e.g., prerequisite
skills), and 3) distal factors (e.g., SES)
(24). Identiﬁcation of patients with lower
diabetes numeracy skills may allow for
the implementation of diabetes educa-
tional programs tailored to a patient’s in-
dividual needs (25). Further research is
neededtodeterminetheimpactofliteracy
and numeracy-sensitive diabetes care
programs on diabetes outcomes, with
special attention to a possible role in the
reduction of racial disparities in glycemic
control.
Although literacy has been shown to
reducetheeffectofAfricanAmericanrace
on other health outcomes (1,2), it did not
explain the association between African
American race and A1C in our study. In
fact, literacy, as measured by the REALM,
was unrelated to A1C. One explanation
may be that for patients with diabetes,
reading skill or literacy, while necessary,
may not sufﬁciently capture all of the
complexities related to the needs of day-
to-day diabetes care. Yet, accurate inter-
pretation and application of quantitative
information is likely required for success-
ful diabetes medication, dietary, and glu-
cose monitoring management. Another
possibility is that our measure of literacy,
theREALM,whilewellvalidated,maynot
assess patient’s literacy level to the most
speciﬁc level possible, especially for pa-
tientswithmoreadvancedskills(i.e.,ceil-
ing effect).
Therearelimitationsinourstudythat
should be acknowledged. First, although
structural equation modeling proposes a
causal relationship between variables, the
current study measured all variables
cross-sectionally and, thus, can most ap-
propriately speak to associations between
variables observed at a single point in
time, not causality. Future research is
needed to investigate the longitudinal ef-
fects of these variables on changes in gly-
cemic control over time. Second, whereas
the DNT was designed to measure pa-
tients’ existing diabetes-related numeracy
skills, performance on the DNT may also
reﬂect differences in diabetes knowledge,
priordiabeteseducation,ordifferencesin
provider management and communica-
tion. Third, although the structural models
adjusted for many potential confounding
variables,thereremainsthepossibilityofre-
sidual confounding. Finally, this study ex-
cluded non–English-speaking participants,
who may be at high risk for limited diabe-
tes-related numeracy skills and worse gly-
cemic control. Despite these limitations,
our study is the ﬁrst to assess the impact of
literacy, general numeracy, and diabetes-
relatednumeracyinexplainingracialdiffer-
ences in glycemic control in a diverse
patient population.
Low diabetes-related numeracy pre-
sents a wide-reaching barrier to successful
disease management that is potentially
modiﬁable. The development of educa-
tional programs and adaptive tools de-
signedtofacilitateeffectivepatient-provider
communicationandaccommodatepatients
with low numeracy skills could potentially
beausefulapproachtoimprovingglycemic
control. In addition, these improvements
may help decrease well-noted racial dispar-
ities in glycemic control and, ultimately,
alsocontributetoreducingracialdisparities
in the development of diabetes complica-
tions and related mortality. Future research
should explore the role of numeracy-
focusedinterventionsinreducingracialdis-
parities in diabetes outcomes.
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